EP 3 712 645 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3712 645 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
23.09.2020 Bulletin 2020/39

(21) Application number: 20159422.3

(22) Date of filing: 25.02.2020

(51) IntCl:
GO1S 7/481(2006.07) GO1S 7/484 (2006.01)
GO1S 7/4865 (202001 GO01S 17/10(2020.07)
GO01S 17/87 (2020.01) GO1S 17/894 (2020.01)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 18.03.2019 JP 2019050471

(71) Applicant: Ricoh Company, Ltd.
Tokyo 143-8555 (JP)

(72) Inventor: IMAE, Nozomi
Ohta-ku, Tokyo 143-8555 (JP)

(74) Representative: White, Duncan Rohan
Marks & Clerk LLP
Fletcher House
Heatley Road
The Oxford Science Park
Oxford OX4 4GE (GB)

(54) RANGE FINDING DEVICE AND RANGE FINDING METHOD

(57) A range finding device (1, 1a, 1b, 1c) includes
a plurality of light sources (11a, 11b), each configured to
emit irradiation light to an object; a plurality of light re-
ception units (16a, 16b, 18a, 18b) configured to receive
reflection light coming from the object when the irradia-
tion light hits and reflects from the object, the number of
plurality of light reception units (16a, 16b, 18a, 18b) being

the same number of the plurality of light sources (11a,
11b); an operation control unit (111) configured to shift
light emission timing of at least one or more light sources
among the plurality of light sources (11a, 11b); and a
measurement unit (132) configured to calculate a dis-
tance to the object based oninformation outputfrom each
of the plurality of light reception units (16a, 16b, 18a, 18b).

OPTICAL SYSTEM SOURCE

SOURCE OPTICAL SYSTEM

1
. IMAGE IMAGE NEAR SIDE (B side)
FAR SIDE (A side) CAPTURE CAPTURE
e ¢16a_ SIGNAL SIGNAL __ g16b_
| | | |
| (14a e | S 21 8 | (130 g |
! SENSOR | J TOF i« CONTROL +» TOF | |  SENSOR !
| 4 OPTICAL SYSTEM SENSOR |—— UNIT [ S I SENSOR OPTICAL SYSTEM N |
[}
DETECTION DETECTIO
LIGHT EMISSION INFORMATION INFORMATION [ | |GHT EMISSION
SIGNAL SIGNAL
¢15a <15b
50a : §12a {113 i i {11b <12b : 50b
i LIGHT SOURCE |, | LIGHT i i LGHT | ,| LIGHT SOURCE i
] | | |

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 712 645 A1 2

Description
BACKGROUND
Technical Field

[0001] Thisdisclosure relates to a range finding device
and a range finding method.

Background Art

[0002] Conventionally, the time of flight (TOF) method
can be used as one method of finding a range from an
imaging device to an object, in which an irradiation or
projection light is emitted to the object and a reflection
light coming from the object is received, and then a range
or distance to the object is calculated using a time differ-
ence between a time of emitting the irradiation or projec-
tion light and a time of receiving the reflection light. As
to the TOF method, the irradiation or projection light hav-
ing a given irradiation pattern is emitted to the object and
then the reflection light coming from the objectis received
at an image sensor, and a time difference between the
time of emitting the irradiation light and the time of re-
ceiving the reflection light detected by each pixel of the
image sensor to calculate the range or distance to the
object. The calculated range or distance value is set for
each as bitmap data, and then stored as a distance im-
age.

[0003] However, conventional range finders (TOF
cameras) using the TOF system have no function to cap-
tureimages of wider angle of view. As to the TOF camera,
it is required that the irradiation light reaches the entire
image capture range. If the irradiation range is set wider
corresponding to the wider angle of view, the irradiation
light diffuses and the amount of light per unit solid angle
decreases, and thereby the measurable or detectable
range of distance becomes shorter. As a countermeas-
ure to this issue, the brightness of the light source can
be increased, but this causes power consumption of the
light source to increase, which is not preferable. Further,
if a plurality of sets of the light emitting unit that emits the
irradiation light and the sensor unit that receives the re-
flection light is used to capture an image of object at the
same time, one set may receive the reflection light of the
irradiation light emitted from another set, and thereby the
range or distance cannot be accurately measured.
[0004] Astotherange findingdevice, one conventional
technology uses two light sources and two TOF systems
for acquiring distance data used for projection mapping
as disclosed in WO/2017/038203. Further, another con-
ventional technology uses a plurality of light sources for
acquiring distance data at a far-side positions as dis-
closed in JP-2013-519092-A.

[0005] However, some issues may occur in these con-
ventional technologies, such as the accuracy of range
finding or distance measurement deteriorates due to
overlapping of the light emission timings of the two light
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sources, and further, when the light emission timings of
the two light sources overlap, the peak power consump-
tion increases, in which sufficient power may not be sup-
plied by a battery drive or the like.

SUMMARY

[0006] In one aspect of the present invention, a range
finding device is devised. The range finding device in-
cludes a plurality of light sources, each configured to emit
irradiation light to an object; a plurality of light reception
units configured to receive reflection light coming from
the object when the irradiation light hits and reflects from
the object, the number of plurality of light reception units
being the same number of the plurality of light sources;
an operation control unit configured to shift light emission
timing of at least one or more light sources among the
plurality of light sources; and a measurement unit con-
figured to calculate a distance to the object based on
information output from each of the plurality of light re-
ception units.

[0007] In another aspect of the present invention, a
method of finding a range to an object is devised. The
method includes shifting light emission timing of at least
one or more light sources among a plurality of light sourc-
es, each light source being configured to emit irradiation
light to the object; receiving, using a plurality of light re-
ception units, reflection light coming from the objectwhen
the irradiation light hits and reflects from the object, the
number of plurality of light reception units being the same
number of the plurality of light sources; and calculating
adistance to the object based on information output from
each of the plurality of light reception units.

[0008] As to the above described aspects of the
presentinvention, the range finding device and the range
finding method can reduce anincrease in the peak power
consumption even if a plurality of light sources used, and
can improve the accuracy of range finding.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete appreciation of the description
and many of the attendant advantages and features
thereof can be readily acquired and understood from the
following detailed description with reference to the ac-
companying drawings, wherein:

FIG. 1 illustrates an example of a configuration of a
range finding device according to an embodiment of
this disclosure;

FIG. 2 illustrates an angle of view of a range finding
device according to an embodiment of this disclo-
sure;

FIG. 3 illustrates an example of a hardware block
diagram of a range finding device according to an
embodiment of this disclosure;

FIG. 4 illustrates an example of a functional block
diagram of a range finding device according to an
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embodiment of this disclosure;

FIG. 5illustrates an example of a timing chart of light
emission timing and light reception timing when light
emission timings from two light sources of a range
finding device are set to the same timing;

FIG. 6 illustrates an example of a timing chart of light
emission timing and light reception timing when light
emission timings from the two light sources of a
range finding device are shifted;

FIG. 7 is a flowchart illustrating an example of a flow
of operation of a range finding device according to
the embodiment;

FIG. 8 illustrates an example of a hardware block
diagram of a range finding device according to mod-
ification example 1 of an embodiment of this disclo-
sure;

FIG. 9 illustrates an exterior view of a range finding
device according to modification example 2 of an
embodiment of this disclosure;

FIG. 10illustrates an angle of view of a range finding
device according to modification example 2 of the
embodiment of this disclosure;

FIG. 11 illustrates an exterior view of a range finding
device according to modification example 3 of an
embodiment of this disclosure;

FIG. 12 illustrates an angle of view of the range find-
ing device according to modification example 3 of an
embodiment of this disclosure;

FIG. 13 illustrates an example of a functional block
diagram of a range finding device according to mod-
ification example 3 of an embodiment of this disclo-
sure;

FIG. 14 illustrates an example of a timing chart of
light emission timing when light emission timings of
all of light sources included a range finding device
according to modification example 3 of an embodi-
ment are shifted; and

FIG. 15illustrates an example of a timing chart when
light emission timings of some of a plurality of light
sources of a range finding device according to mod-
ification example 3 of an embodiment setto the same
timing.

[0010] The accompanying drawings are intended to
depict embodiments of this disclosure and should not be
interpreted to limit the scope thereof. The accompanying
drawings are not to be considered as drawn to scale un-
less explicitly noted.

DETAILED DESCRIPTION

[0011] Adescriptionis now given of exemplary embod-
iments of this disclosures. It should be noted that al-
though such terms as first, second, etc. may be used
herein to describe various elements, components, re-
gions, layers and/or units, it should be understood that
such elements, components, regions, layers and/or units
are not limited thereby because such terms are relative,
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thatis, used only to distinguish one element, component,
region, layer or unit from another region, layer or unit.
Thus, for example, a first element, component, region,
layer or unit discussed below could be termed a second
element, component, region, layer or unit without depart-
ing from the teachings of the present inventions.

[0012] In addition, it should be noted that the terminol-
ogy used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of
the presentinventions. Thus, for example, as used here-
in, the singular forms "a", "an" and "the" are intended to
include the pluralforms as well, unless the context clearly
indicates otherwise. Moreover, the terms "includes"
and/or "including", when used in this specification, spec-
ify the presence of stated features, integers, steps, op-
erations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, compo-
nents, and/or groups thereof.

[0013] Hereinafter, a description is given of a range
finding device and a range finding method according to
an embodiment of the present invention with reference
to the drawings. Also, the following embodiments are not
limited to the present invention. Further, various omis-
sions, substitutions, modifications, and combinations of
components may be made within the scope of the follow-
ing embodiments without departing from the scope of the
present invention.

(Configuration of Range Finding Device)

[0014] FIG. 1 illustrates an example of a configuration
of a range finding device 1 according to an embodiment.
Hereinafter, a description is given of the configuration of
the range finding device 1 with reference to FIG. 1.
[0015] Asiillustrated in FIG. 1, the range finding device
1 includes, for example, light sources 11a and 11b, light
source optical systems 12a and 12b, time of flight (TOF)
sensors 13a and 13b (light reception units), sensor opti-
cal systems 14a and 14b, a control unit 21, and a battery
22.

[0016] Each of the light sources 11a and 11b is a light-
emitting device, such as a laser diode, vertical cavity sur-
face emitting laser (VCSEL), and light emitting diode
(LED).

[0017] The light source optical system 12a is an optical
system used for projecting the light (hereinafter, irradia-
tion light or projection light) emitted from the light source
11a with a given angle of view using a lens or the like.
[0018] The light source optical system 12b is an optical
system used for projecting the light (hereinafter, irradia-
tion light or projection light) emitted from the light source
11b with a given angle of view using a lens or the like.
[0019] The TOF sensor 13ais a light receiving sensor
that measures the time difference between a time of emit-
ting the irradiation light from the light source 11a via the
light source optical system 12a and a time of receiving
the reflection light coming from an object when the irra-
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diation light hits and reflects from the object.

[0020] The TOF sensor 13b is a light receiving sensor
thatmeasures the time difference between a time of emit-
ting the irradiation light from the light source 11b via the
light source optical system 12b and a time of receiving
the reflection light coming from an object when the irra-
diation light hits and reflects from the object.

[0021] Thus, the distance to the object can be calcu-
lated based on the time difference between the time of
emitting the irradiation light and the time of receiving the
reflection light, and the light speed.

[0022] The TOF sensors 13a and 13b have a given
structure, in which sensor elements are arranged in a
two-dimensional array. The TOF sensors 13a and 13b
are not limited to the light receiving sensors that measure
the time difference between the time of emitting the irra-
diation light and the time of receiving the reflection light.
For example, each of the TOF sensors 13a and 13b can
be an image sensor using a solid-state image sensor,
such as charge-coupled device (CCD) or complementary
metal oxide semiconductor (CMOS).

[0023] The sensoroptical system 14ais an optical sys-
tem that uses lens or the like to guide, to the TOF sensor
13a, the reflection light reflecting from the object when
the irradiation light is emitted from the light source 11a
and the light source optical system 12a toward the object
and then reflected from the object.

[0024] The sensoroptical system 14b is an optical sys-
tem that uses lens or the like to guide, to the TOF sensor
13b, the reflection light reflecting from the object when
the irradiation light is emitted from the light source 11b
and the light source optical system 12b toward the object
and then reflected from the object.

[0025] The control unit 21 includes a control board cir-
cuit that controls the light reception time by the TOF sen-
sors 13a and 13b and the image capturing timing (light
reception timing) by the TOF sensors 13a and 13b.
[0026] The battery 22 supplies power to the light sourc-
es 11a and 11b to emit the light. The battery 22 also
supplies power used for the processing performed by the
TOF sensors 13a and 13b, and the control unit 21. In the
configuration illustrated in FIG. 1, the battery 22 is pro-
vided as a mobile battery, but is not limited thereto. For
example, the battery 22 can be an external power supply
battery, or can be a combination of the mobile battery
and the external power supply battery.

[0027] FIG. 1 illustrates one example configuration
having two sets of the light source and the TOF sensor,
such as the two light sources 11a and 11b and the two
TOF sensors 13a and 13b, but is not limited thereto. For
example, three or more sets of the light source and the
TOF sensor can be used.

(Angle of View of Range Finding Device)
[0028] FIG. 2 illustrates an angle of view of the range

finding device 1. Hereinafter, a description is given of the
angle of view of the range finding device 1 with reference
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FIG. 2.

[0029] Asillustrated in FIGs. 1 and 2, the range finding
device 1 employs a configuration disposing the light
source 11a, the light source optical system 12a, the TOF
sensor 13a and the sensor optical system 14a at one
side, and disposing the light source 11b, the light source
optical system 12b, and the sensor optical system 14b
atthe opposite side to enable to acquire range or distance
information of full-view spherical range.

[0030] For example, the irradiation light emitted from
the light source 11a and the light source optical system
12a has an angle of view 201a of 180 degrees or more
as illustrated in FIG. 2. Similarly, the irradiation light emit-
ted from the light source 11b and the light source optical
system 12b has an angle of view 201b having an angle
of view 201b of 180 degrees or more as illustrated in FIG.
2. With this configuration, the range finding device 1 can
acquire the range or distance information of full-view
spherical range.

[0031] Since the angle of view of the irradiation light
emitted from each of the light source optical systems 12a
and 12b is set to 180 degrees or more, the angle of view
of the irradiation light emitted from the light source optical
system 12a and the angle of view of the irradiation light
emitted from the light source optical system 12b partially
overlap with each other as illustrated in FIG. 2.

[0032] The sensor optical system 14a guides the re-
flection light, reflected from the object when the irradia-
tion light emitted with the angle of view 201a hits the
object, to the TOF sensor 13a so that the reflection light
is focused on the TOF sensor 13a with the same angle
of view.

[0033] Similarly, the sensor optical system 14b guides
the reflection light, reflected from the object when the
irradiation light emitted with the angle of view 201b hits
the object, to the TOF sensor 13b so that the reflection
light is focused on the TOF sensor 13b with the same
angle of view of the irradiation light.

(Hardware Configuration of Range Finding Device)

[0034] FIG. 3 illustrates an example of a hardware
block diagram of the range finding device 1 according to
the embodiment. Hereinafter, a description is given of
the hardware configuration of the range finding device 1
with reference FIG. 3.

[0035] Asillustrated in FIG. 3, the range finding device
1 includes, for example, a light emission unit 15a includ-
ing a light source 11a and a light source optical system
12a, alight emission unit 15b including a light source 11b
and a light source optical system 12b, a light reception
unit 16aincluding a TOF sensor 13a and a sensor optical
system 14a, a light reception unit 16b including a TOF
sensor 13b and a sensor optical system 14b, and a con-
trol unit 21.

[0036] The control unit21 transmits image capture sig-
nals (operation signals), each is shifted in timing, to the
TOF sensors 13a and 13b, to be described later. When
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the TOF sensors 13a and 13b respectively receives the
image capture signals from the control unit 21, the TOF
sensors 13a and 13b respectively transmit the light emis-
sion signals (light emission patterns) to the light sources
11a and 11b, respectively, to control the light emitting
operations of the light sources 11aand 11b, respectively.
[0037] Then,thelightsources 11aand 11brespective-
ly emit the light in accordance with the light emission
signals received from the TOF sensors 13a and 13b, and
project the light as the irradiation light through the light
source optical systems 12a and 12b, respectively.
[0038] In an example case of FIG. 3, the irradiation
light emitted from the light source optical system 12a hits
and reflects from an object 50a disposed at a far side ("A
side"), and the TOF sensor 13a receives the reflection
light via the sensor optical system 14a.

[0039] Further, the irradiation light emitted from the
light source optical system 12b hits and reflects from an
object 50b disposed at a near side ("B side"), and the
TOF sensor 13b receives the reflection light via the sen-
sor optical system 14b.

[0040] The TOF sensors 13a and 13b receive the re-
flection light, and output the detection information includ-
ing information about the time difference between the
time of emitting the irradiation light and the time of re-
ceiving the reflection light detected by each sensor ele-
ment, to the control unit 21. Then, based on the detection
information received from the TOF sensors 13a and 13b,
the control unit 21 calculates a distance image by con-
verting the time information into a distance value for each
pixel. The measurement operation of distance can use
typical phase detection method of the TOF camera, and
can use the operation described in JP-2018-077143-A.

(Functional Configuration of Range Finding Device)

[0041] FIG. 4 illustrates an example of a functional
block diagram of the range finding device 1. Hereinafter,
a description is given of the functional configuration of
the range finding device 1 with reference FIG. 4.
[0042] Asillustratedin FIG. 4, the range finding device
1 includes, for example, a first light reception unit 101
(light reception unit), a second light reception unit 102
(light reception unit), a first light emission unit 103, a sec-
ond light emission unit 104, an imaging control unit 111
(operation control unit), and a range finding unit 112
(measurement unit).

[0043] The first light reception unit 101 is a functional
unit that receives the reflection light reflected from the
object when the irradiation light emitted from the first light
emission unit 103 hits and reflects from the object, in
accordance with the image capture signal received from
the imaging control unit 111.

[0044] Further, when the first light reception unit 101
receives the image capture signal from the imaging con-
trol unit 111, the first light reception unit 101 outputs the
light emission signal to the first light emission unit 103 to
control the light emitting operation.
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[0045] Further, when the first light reception unit 101
receives the reflection light, the first light reception unit
101 outputs the detection information including the infor-
mation about the time difference between the time of
emitting the irradiation light and the time of receiving the
reflection light. The first light reception unit 101 can be
implemented by the light reception unit 16a, the TOF sen-
sor 13a and the sensor optical system 14a illustrated in
FIG. 3.

[0046] The second light reception unit 102 is a func-
tional unit that receives the reflection light reflected from
the object when the irradiation light emitted from the sec-
ond light emission unit 104 hits and reflects from the ob-
ject, in accordance with the image capture signal re-
ceived from the imaging control unit 111.

[0047] Further, when the second light reception unit
102 receives the image capture signal from the imaging
control unit 111, the second light reception unit 102 out-
puts the lightemission signal to the second light emission
unit 104 to control the light emitting operation.

[0048] Further, when the second light reception unit
102 receives the reflection light, the second light recep-
tion unit 102 outputs the detection information including
the information about the time difference between the
time of emitting the irradiation light and the time of re-
ceiving the reflection light,. The second light reception
unit 102 can be implemented by the light reception unit
16b, the TOF sensor 13b and the sensor optical system
14b illustrated in FIG. 3.

[0049] The first light emission unit 103 is a functional
unit that emits the light emitted from the light source 11a
to the outside in accordance with the light emission signal
received from the first light reception unit 101. The first
light emission unit 103 can be implemented by the light
emission unit 15a, that is the light source 11a and the
light source optical system 12a illustrated in FIG. 3.
[0050] The second light emission unit 104 is a func-
tional unit that emits the light emitted from the light source
11b to the outside in accordance with the light emission
signal received from the second light reception unit 102.
The second light emission unit 104 can be implemented
by the light emission unit 15b, that is the light source 11b
and the light source optical system 12b illustrated in FIG.
3.

[0051] The imaging control unit 111 is a functional unit
that controls the operation of the first light reception unit
101 and the second light reception unit 102. Specifically,
the imaging control unit 111 transmits one image capture
signal (operation signal) to the first light reception unit
101 and another image capture signal (operation signal)
tothe second lightreception unit 102 by shifting the timing
of one image capture signal and the timing of another
image capture signal so that the imaging operation using
the firstlight reception unit 101 and the imaging operation
using the second light reception unit 102 are shifted (i.e.,
light receiving operation, light emitting operation by the
first light emission unit 103 and the second light emission
unit 104). That is, the light emitting operation of the first
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light emission unit 103 and the light emitting operation of
the second light emission unit 104 is controlled using the
image capture signals output by the imaging control unit
111.

[0052] Further, the imaging control unit 111 receives
the detection information from the first light reception unit
101 and the second light reception unit 102, respectively.
The imaging control unit 111 can be implemented by the
control unit 21 illustrated in FIG. 3.

[0053] The range finding unit 112 is a functional unit
that generates a distance image by converting the time
information into a distance value for each pixel based on
the detection information that the imaging control unit
111 has received from the first light reception unit 101
and the second light reception unit 102. The range finding
unit 112 can be implemented by the control unit 21 illus-
trated in FIG. 3.

[0054] Since FIG. 4 conceptually illustrates the first
light reception unit 101, the second light reception unit
102, the first light emission unit 103, the second light
emission unit 104, the imaging control unit 111, and the
range finding unit 112, the configuration is not limited
thereto. That is, a plurality of functional units illustrated
as separate functional units in the range finding device
1 of FIG. 4 can be implemented as one functional unit.
For example, the imaging control unit 111 and the range
finding unit 112 are separate units in FIG. 4, but can be
implemented as one unit. On the other hand, the function
of one functional unit in the range finding device 1 of FIG.
4 canbedivided into a plurality of functions, and a plurality
of functional units can be configured.

[0055] Further, the first light reception unit 101 and the
second light reception unit 102 are configured to output
the detection information including the information about
the time difference between the time of emitting the irra-
diation light and the time of receiving the reflection light,
but is not limited thereto. That is, the first light reception
unit 101 and the second light reception unit 102 can be
configured to calculate the distance based on the infor-
mation about the time difference between the time of
emitting the irradiation light and the time of receiving the
reflection light, and directly output the distance informa-
tion as the detection information.

(Light Emission Timing of Light Emission Unit and Light
Reception Timing of Light Reception Unit)

[0056] FIG. 5 illustrates an example of a timing chart
of light emission timing and light reception timing when
the light emission timing from two light sources of the
range finding device 1 are set to the same timing. Here-
inafter, a description is given of an operation when the
light emission timings of the two light sources 11a and
11b are set to the same timing with reference to FIG. 5.
[0057] As above described with reference to FIG. 3,
there is a case that the object 50a is disposed at the far
side (A side) and the irradiation light is emitted from the
first light emission unit 103 while the object 50b is dis-
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posed at the near side (B side) and the irradiation light
is emitted from the second light emission unit 104.
[0058] The irradiation light emitted to the A side, that
is, the irradiation light emitted from the first light emission
unit 103 hits and reflects from the object 50a, and then
the reflection light is received by the first light reception
unit 101.

[0059] At this time, the time difference of "A_Diff,"
which is the difference between the timing when the ir-
radiation light is emitted to the A side (A-side light emis-
sion timing) and the timing when the reflection light is
received at the A side (A-side light reception timing) can
be used to calculate a time required for traveling between
the range finding device 1 and the object 50a, and then
the distance between the range finding device 1 and the
object 50a can be calculated based on the calculated
time.

[0060] Further, theirradiation lightirradiation light emit-
ted to the B side, that is, the irradiation light emitted from
the second light emission unit 104 hits and then reflects
from the object 50b, and then the reflection light is re-
ceived by the second light reception unit 102.

[0061] At this time, the time difference of "B_Diff,"
which is the difference between the timing when the ir-
radiation light is emitted to the B side (B-side light emis-
sion timing) and the timing when the reflection light is
received at the B side (B-side light reception timing) can
be used to calculate a time required for traveling between
the range finding device 1 and the object 50b, and then
the distance between the range finding device 1 and the
object 50b can be calculated based on the calculated
time.

[0062] In this case, since the distance from the range
finding device 1 to the object 50a is longer than the dis-
tance from the range finding device 1 to the object 50b,
as illustrated in FIG. 5, the time difference of "A_Diff’
becomes longer than the time difference of "B_Diff."
[0063] In an example of FIG. 5, since the A-side light
emission timing and the B-side light emission timing are
set to the same timing, as indicated by the waveform of
power consumption in the lower part of FIG. 5, the first
light emission unit 103 and the second light emission unit
104 simultaneously emit the light, so that the peak power
consumption increases with the effect of simultaneous
emission of the light.

[0064] When the peak power consumption becomes
greater, the battery 22 cannot supply sufficient power if
the battery 22 is a mobile battery that stores relatively
smaller electricity charges, and the light quantity of the
irradiation light emitted from the first light emission unit
103 and the second light emission unit 104 becomes
smaller, and the measurable distance becomes shorter.
[0065] Further, as to the range finding device 1 for cap-
turing the full-view spherical range illustrated in FIG. 1,
the projection orirradiation range of the firstlightemission
unit 103 (the range of the angle of view 201a illustrated
in FIG. 2) and the projection or irradiation range of the
second light emission unit 104 (the range of the angle of
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view 201b illustrated in FIG. 2) are mostly different rang-
es, but the projection or irradiation ranges are partially
overlapped as illustrated in FIG. 2.

[0066] Therefore, when the A-side light emission tim-
ing and the B-side light emission timing are the same
timing, each of the first light reception unit 101 and the
second light reception unit 102 cannotdetermine whether
the reflection light corresponds to the irradiation light
emitted from the first light emission unit 103 or the irra-
diation light emitted from the second light emission unit
104, so that the range finding cannot be performed ac-
curately, and thereby the range finding precision may
decrease.

[0067] FIG. 6 illustrates an example of a timing chart
of light emission timing and light reception timing when
the light emission timings from two light sources of the
range finding device 1 are shifted. Hereinafter, a descrip-
tion is given of an operation when the light emission tim-
ings of the two light sources 11a and 11b are shifted with
reference FIG. 6.

[0068] As to the range finding device 1, as illustrated
in FIG. 6, the irradiation light is emitted to the A side at
one timing (A-side light emission timing) by the first light
emission unit 103 and the irradiation light is emitted to
the B side at another timing (B-side light emission timing)
by the second light emission unit 104 without overlapping
the A-side light emission timing and the B-side light emis-
sion timing.

[0069] As a result, as illustrated in the waveform of
power consumption in the lower part of FIG. 6, the peak
of power consumption waveform occurs at different tim-
ings for the first light emission unit 103 and the second
light emission unit 104 because the first light emission
unit 103 and the second light emission unit 104 inde-
pendently emit the light at the different timing, so that the
peak of the power consumption waveform illustrated in
FIG. 6 can become smaller than the peak of power con-
sumption waveform illustrated in FIG. 5.

[0070] Thatis, the total power consumption of the op-
eration performed by setting the light emission timing of
the first light emission unit 103 and the light emission
timing of the second light emission unit 104 at the same
timing (see FIG. 5) and the total power consumption of
the operation performed by setting the light emission tim-
ing of the first light emission unit 103 and the light emis-
sion timing of the second light emission unit 104 at the
different timings (FIG. 6) may become the same value.
However, in a case of FIG. 6, the battery 22 can supply
sufficient power even if the battery 22 is a mobile battery,
and the light quantity of the irradiation light emitted from
the first light emission unit 103 and the light quantity of
the irradiation light emitted from the second light emission
unit 104 become given sufficient levels, and the meas-
urable or detectable distance can be set longer.

[0071] Further, when the A light emission timing and
the B side light emission timing are shifted, each of the
firstlight reception unit 101 and the second lightreception
unit 102 can correctly determine whether the reflection
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light corresponds to the irradiation light emitted from the
first light emission unit 103 or the irradiation light emitted
from the second light emission unit 104, so that the range
finding can be performed accurately, and thereby the
range finding precision can be enhanced.

(Flow of Overall Operation of Range Finding Device)

[0072] FIG. 7 is a flowchart illustrating an example of
aflow of operation of the range finding device 1 according
to the embodiment. Hereinafter, a description is given of
a flow of operation of the range finding device 1 with
reference FIG. 7.

[0073] Steps S11 and S12: The imaging control unit
111 transmits the image capture signal to the first light
reception unit 101 to instruct a start of the imaging oper-
ation by the first light reception unit 101. When the first
lightreception unit 101 receives the image capture signal,
the first light reception unit 101 outputs the light emission
signal to the first light emission unit 103 to start to emit
the irradiation light. Then, the sequence proceeds to step
S13.

[0074] Step S13: When the firstlight reception unit 101
receives the reflection light with respect to the irradiation
light emitted from the first light emission unit 103, the first
light reception unit 101 outputs detection information in-
cluding information about the time difference between
the time of emitting the irradiation light and the time of
receiving the reflection light. Then, the imaging control
unit 111 receives the detection information from the first
light reception unit 101 (acquiring data), and then trans-
mits the detected information to the range finding unit
112. Then, based on the detection information that the
imaging control unit 111 has received from the first light
reception unit 101, the range finding unit 112 calculates
a distance image by converting the time information into
a distance value for each pixel.

[0075] When the range finding unit 112 completes the
calculation of distance image for the first light reception
unit 101 (step S13: Yes), the sequence proceeds to step
S14. If the range finding unit 112 does not yet complete
the calculation of distance image for the first light recep-
tion unit 101 (step S13: No), step S13 is repeated. The
timing of calculation of distance image by the range find-
ing unit 112 is not limited thereto. For example, the cal-
culation of distance image by the range finding unit 112
can be performed after completing a series of processing
illustrated in FIG. 7.

[0076] Step S14andS15: Theimaging control unit111
transmits the image capture signal to the second light
reception unit 102 to instruct a start of the imaging oper-
ation by the second light reception unit 102. When the
second light reception unit 102 receives the image cap-
ture signal, the second light reception unit 102 outputs
the light emission signal to the second light emission unit
104 to start to emit the irradiation light. Then, the se-
quence proceeds to step S16.

[0077] Step S16: When the second light reception unit
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102 receives the reflection light with respect to the irra-
diation light emitted from the second light emission unit
104, the second light reception unit 102 outputs detection
information including information about the time differ-
ence between the time of emitting the irradiation light and
the time of receiving the reflection light. Then, the imaging
control unit 111 receives the detection information from
the second light reception unit 102 (acquiring data), and
then transmits the detection information to the range find-
ing unit 112. Then, based on the detection information
that the imaging control unit 111 has received from the
second light reception unit 102, the range finding unit 112
calculates a distance image by converting the time infor-
mation into a distance value for each pixel.

[0078] When the range finding unit 112 completes the
calculation of distance image for the second light recep-
tion unit 102 (step S16: Yes), the sequence is terminated.
If the range finding unit 112 does not yet complete the
calculation of distance image for the second light recep-
tion unit 102 (step S16: No), step S16 is repeated.
[0079] The range finding device 1 performs the se-
quence of steps S11 to S16 to execute the entire oper-
ation.

[0080] In an example case in FIG. 7, the imaging op-
eration by thefirst lightreception unit 101 and the imaging
operation by the second light reception unit 102 are ter-
minated by performing one imaging operation, but is not
limited thereto. For example, the sequence of imaging
operation of FIG. 7 can be repeated for a given number
of times. If the imaging operation is repeated for a given
number of times, for example, the average of distance
values of each pixel indicated by the distance images
derived by the range finding unit 112 can be obtained.
[0081] As described above, the range finding device 1
shifts the timing of the irradiation (light emission) by the
firstlightemission unit 103 and the timing of the irradiation
(light emission) by the second light emission unit 104 so
that the timing of the irradiation (light emission) by the
firstlightemission unit 103 and the timing of the irradiation
(light emission) by the second light emission unit 104 do
not overlap with each other.

[0082] Thus, as illustrated in the waveform of power
consumptioninthe lower part of FIG. 6, the peak of power
consumption waveform becomes different in each of the
firstlight emission unit 103 and the second light emission
unit 104 because the first light emission unit 103 and the
second light emission unit 104 independently emit the
light at the different timings, so that the peak of the power
consumption waveform illustrated in FIG. 6 can become
smaller than the peak of power consumption waveform
illustrated in FIG. 5.

[0083] In this case, the battery 22 can supply sufficient
power, and the light quantity of the irradiation light emitted
from the first light emission unit 103 and the light quantity
of the irradiation light emitted from the second light emis-
sion unit 104 become given sufficient levels, and the
measurable distance can be set longer, so that the angle
of view can be widened by a combination of the plurality
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of light emission units (first light emission unit 103 and
second light emission unit 104) and the light reception
unit (first light reception unit 101 and the second light
reception unit 102).

[0084] Further, when the timing of the irradiation (light
emission) by the first light emission unit 103 is different
from the timing of the irradiation (light emission) by the
second light emission unit 104, each of the first light re-
ception unit 101 and the second light reception unit 102
can correctly determine whether the reflection light cor-
responds to the irradiation light emitted from the first light
emission unit 103 or the irradiation light emitted from the
second light emission unit 104, so that the range finding
can be performed accurately, and thereby the range find-
ing precision can be enhanced.

(Modification Example 1)

[0085] FIG. 8 illustrates an example of a hardware
block diagram of a range finding device 1a according to
modification example 1 of the embodiment. Hereinafter,
a description is given of a hardware configuration of the
range finding device 1a with reference FIG. 8.

[0086] Asiillustrated in FIG. 8, the range finding device
1aincludes, for example, a light emission unit 15a includ-
ing a light source 11a and a light source optical system
12a, alight emission unit 15b including a light source 11b
and a light source optical system 12b, a light reception
unit 18aincluding a TOF sensor 17a and a sensor optical
system 14a, a light reception unit 18b including a TOF
sensor 17b and a sensor optical system 14b, and a con-
trol unit 21a.

[0087] In the same manner as the above described
control unit 21, the control unit 21a transmits the image
capture signals (operating signals) respectively to the
TOF sensors 17aand 17b by shifting the timings. Further,
the control unit 21a transmits the light emission signals
(light emission patterns) to the light sources 11aand 11b
in synchronization with the image capture signals for the
TOF sensors 17a and 17b. Then, the light sources 11a
and 11b emit the light in accordance with the light emis-
sion signals received from the control unit 21a, and then
emit the light as the irradiation light through the light
source optical systems 12a and 12b, respectively.
[0088] In an example case of FIG. 8, the irradiation
light emitted from the light source optical system 12a is
reflected by the object 50a disposed at the A side (far
side), and then received by the TOF sensor 17a via the
sensor optical system 14a. Further, the irradiation light
emitted from the light source optical system 12b is re-
flected by the object 50b disposed at the B side (near
side), and then received by the TOF sensor 17b via the
sensor optical system 14b.

[0089] When each of the TOF sensor 17a and 17b re-
ceives the reflection light, each of the TOF sensor 17a
and 17b outputs the detection information including in-
formation about the time difference between the time of
emitting the irradiation light and the time of receiving the
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reflection light detected by each sensor element, to the
control unit 21a.

[0090] Then, based on the detection information re-
ceived from the TOF sensors 17a and 17b, the control
unit 21a calculates a distance image by converting the
time information into a distance value for each pixel.
[0091] As described above, as to the range finding de-
vice 1a according to the modification example 1, the TOF
sensor does not transmit the light emission signal to the
light source, but the control unit 21a transmits the light
emission signal to the light sources 11a and 11b. This
configuration can also provide the same effect as the
range finding device 1 according to the above described
embodiment.

(Modification Example 2)

[0092] FIG. 9 is an external view of a range finding
device 1b according to modification example 2 of the em-
bodiment. Hereinafter, a description is given of an exter-
nal configuration of the range finding device 1b with ref-
erence FIG. 9.

[0093] Instead of the light source optical systems 12a
and 12b and the sensor optical systems 14a and 14b of
the range finding device 1a described above, as illustrat-
ed in FIG. 9, the range finding device 1b includes, for
example, light source optical systems 32a and 32b, and
sensor optical systems 34a and 34b.

[0094] As illustrated in FIG. 9, the light source optical
systems 32a and 32b and the sensor optical systems
34a and 34b are disposed on the same face of a housing
of the range finding device 1b. That is, the optical axis of
the light source optical system 32a and the optical axis
of the light source optical system 32b are set parallel
each other, and the irradiation light emitted from the light
source optical system 32a and the irradiation light emitted
from the light source optical system 32b are projected in
the same direction. Further, the optical axis of the sensor
optical system 34a and the optical axis of the sensor op-
tical system 34b are set parallel to each other. The op-
eration of the range finding device 1b is the same as that
of the range finding device 1 according to the above-
described embodiment.

[0095] FIG. 10 illustrates an angle of view of the range
finding device 1b according to the modification example
2. Hereinafter, a description is given of the angle of view
of the range finding device 1b with reference FIG. 10.
[0096] As illustrated in FIG. 10, the irradiation light
emitted from the light source optical system 32a has an
angle of view 211a, and the irradiation light emitted by
the light source optical system 32b has an angle of view
211b. Therefore, as illustrated in FIG. 10, the angle of
view of the irradiation light emitted from the light source
optical system 32a and the angle of view of the irradiation
light emitted from the light source optical system 32b
overlap in a wider range.

[0097] However, similar to the above described range
finding device 1, as to the range finding device 1b, the
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timing of the irradiation from the light source optical sys-
tem 32a and the timing of the irradiation from the light
source optical system 32b are shifted so as not overlap
with each other.

[0098] Thus, the peak of power consumption wave-
form becomes different in each of the light source optical
system 32a and the light source optical system 32b be-
cause the light source optical system 32a and the light
source optical system 32b independently emit the light
at the different timings, so that the peak of the power
consumption can become smaller compared to a case
where the timing of the irradiation is set to the same tim-
ing.

[0099] Inthis case, the battery 22 can supply sufficient
power, and the light quantity of the irradiation light emitted
from the light source of the light source optical system
32a and the light quantity of the irradiation light emitted
from the light source of the light source optical system
32b become given sufficient levels, and the measurable
distance can be set longer, so that the angle of view can
be widened in a direction parallel to the face of the hous-
ing arranging the light source optical systems 32a and
32b as illustrated in FIG. 10.

[0100] Further, when the timing of the irradiation (light
emission) from the light source optical system 32a and
the timing of the irradiation (light emission) from the light
source optical system 32b are shifted, each of the TOF
sensor 17a (corresponding to the TOF sensor 13a) cor-
responding to the sensor optical system 34a and the TOF
sensor 17b (corresponding to the TOF sensor 13b) cor-
responding to the sensor optical system 34b can correctly
determine whether the reflection light corresponds to the
irradiation light emitted from the light source optical sys-
tem 32a or the light source optical system 32b, so that
the range finding can be performed accurately, and there-
by the range finding precision can be enhanced.

[0101] FIG. 9 illustrates one example configuration
having two sets of the light source and the TOF sensor,
butis not limited thereto. For example, three or more sets
of the light source and the TOF sensor can be used.
[0102] FIG.9illustrates one example configuration dis-
posing the light source optical systems 32a and 32b and
the sensor optical systems 34a and 34b are on the same
face of the housing of the range finding device 1b, but is
not limited thereto. For example, a face of the housing
disposing the light source optical system 32a and the
sensor optical system 34a and a face of the housing dis-
posing the light source optical system 32b and the sensor
optical system 34b can be different faces.

(Modification Example 3)

[0103] Hereinafter, a description is given of a range
finding device 1c according to modification example 3
with reference to differences compared to the range find-
ing device 1 according to the above-described embodi-
ment. The above-described range finding device 1 em-
ploys one configuration including two sets of the light
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source and the TOF sensor. As to the modification ex-
ample 3, the range finding device 1c employs a config-
uration including four sets of the light source and the TOF
sensor.

(Configuration and Angle of View of Range Finding De-
vice)

[0104] FIG. 11 is an external view of the range finding
device 1c according to the modification example 3. FIG.
12 illustrates an angle of view of the range finding device
1c according to the modification example 3. Hereinafter,
a description is given of the configuration and the angle
of view of the range finding device 1c with reference to
FIGs. 11 and 12.

[0105] As illustrated in FIG. 11, the range finding de-
vice 1c includes, for example, light source optical sys-
tems 42a to 42d, and sensor optical systems 44a to 44d.
Further, the range finding device 1c includes the light
source corresponding each of the light source optical sys-
tems 42a to 42d, and includes the TOF sensor corre-
sponding to each of the sensor optical systems 44a to
44d. Further, the range finding device 1c includes the
control unit 21 and the battery 22, which are included in
the range finding device 1 according to the above-de-
scribed embodiment.

[0106] As illustrated in FIG. 11, the range finding de-
vice 1c includes the light source optical system 42a and
the sensor optical system 44a on a first side face, the
light source optical system 42b and the sensor optical
system 44b on a second side face, the light source optical
system 42c and the sensor optical system 44c on a third
side face, and the light source optical system 42d and
the sensor optical system 44d on a fourth side face, in
which each of the side faces configure the rectangular
parallelepiped housing of the range finding device 1c.
[0107] Further, as illustrated in FIG. 12, the irradiation
light emitted from the light source optical system 42a to
the A side has an angle of view 221a of 90 degrees or
more, the irradiation light emitted from the light source
optical system 42b toward the B side has an angle of
view 221b of 90 degrees or more, the irradiation light
emitted from the light source optical system 42¢ toward
the C side has an angle of view 221c of 90 degrees or
more, and the irradiation light emitted from the light
source optical system 42c has an angle of view 221d of
90 degrees or more. Since the angle of views 221a to
221d of the irradiation light emitted respectively from the
light source optical systems 42a to 42d is 90 degrees or
more, the angle of views overlap partially with each other
as illustrated in FIG. 12.

[0108] Since each of the sensor optical systems 44a
to 44d uses the respective TOF sensor to receive the
respective reflection light with respect to the respective
irradiation light emitted with the angle of views 221a to
221d, the respective reflection light is focused on the re-
spective TOF sensor with the same angle of view of the
irradiation light emitted from the respective light source
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optical systems 42a to 42d.
(Functional Configuration of Range Finding Device)

[0109] FIG. 13 illustrates an example of a functional
block diagram of the range finding device 1c according
to the modification example 3. Hereinafter, a description
is given of a functional block diagram of the range finding
device 1c with reference to FIG. 13.

[0110] As illustrated in FIG. 13, the range finding de-
vice 1c includes, for example, a first light reception unit
121 (light reception unit), a second light reception unit
122 (light reception unit), a third light reception unit 123
(light reception unit), a fourth light reception unit 124 (light
reception unit), a first light emission unit 125, a second
light emission unit 126, a third light emission unit 127, a
fourth light emission unit 128, an imaging control unit 131
(operation control unit), and a range finding unit 132
(measurement unit).

[0111] The first light reception unit 121 is a functional
unit that receives the reflection light, which is the light
reflected from an object when the irradiation light emitted
from the first light emission unit 125 hits and reflects from
the object, in accordance with the image capture signal
received from the imaging control unit 131.

[0112] Further, when the first light reception unit 121
receives the image capture signal from the imaging con-
trol unit 131, the first light reception unit 121 outputs the
light emission signal to the first light emission unit 125 to
control the light emitting operation.

[0113] Further, when the first light reception unit 121
receives the reflection light, the first light reception unit
121 outputs detection information including information
about the time difference between the time of emitting
the irradiation light and the time of receiving the reflection
light.

[0114] The first light reception unit 121 can be imple-
mented by the sensor optical system 44a illustrated in
FIG. 11 and the corresponding TOF sensor.

[0115] The second light reception unit 122 is a func-
tional unit that receives the reflection light, which is the
light reflected from an object when the irradiation light
emitted from the second light emission unit 126 hits and
reflects from the object, in accordance with the image
capture signal received from the imaging control unit 131.
[0116] Further, when the second light reception unit
122 receives the image capture signal from the imaging
control unit 131, the second light reception unit 122 out-
puts the lightemission signal to the second light emission
unit 126 to control the light emitting operation.

[0117] Further, when the second light reception unit
122 receives the reflection light, the second light recep-
tion unit 122 outputs detection information including in-
formation about the time difference between the time of
emitting the irradiation light and the time of receiving the
reflection light.

[0118] The second light reception unit 122 can be im-
plemented by the sensor optical system 44b illustrated
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in FIG. 11 and the corresponding TOF sensor.

[0119] The third light reception unit 123 is a functional
unit that receives the reflection light, which is the light
reflected from an object when the irradiation light emitted
from the third light emission unit 127 hits and reflects
from the object, in accordance with the image capture
signal received from the imaging control unit 131.
[0120] Further, when the third light reception unit 123
receives the image capture signal from the imaging con-
trol unit 131, the third light reception unit 123 outputs the
light emission signal to the third light emission unit 127
to control the light emitting operation.

[0121] Further, when the third light reception unit 123
receives the reflection light, the third light reception unit
123 outputs detection information including information
about the time difference between the time of emitting
the irradiation light and the time of receiving the reflection
light.

[0122] The third light reception unit 123 can be imple-
mented by the sensor optical system 44 c illustrated in
FIG. 11 and the corresponding TOF sensor.

[0123] The fourthlightreception unit 124 is a functional
unit that receives the reflection light, which is the light
reflected from an object when the irradiation light emitted
from the fourth light emission unit 128 hits and reflects
from the object, in accordance with the image capture
signal received from the imaging control unit 131.
[0124] Further, when the fourth light reception unit 124
receives the image capture signal from the imaging con-
trol unit 131, the fourth light reception unit 124 outputs
the light emission signal to the fourth light emission unit
128 to control the light emitting operation.

[0125] Further, when the fourth light reception unit 124
receives the reflection light, the fourth light reception unit
124 outputs detection information including information
about the time difference between the time of emitting
the irradiation light and the time of receiving the reflection
light.

[0126] The fourth light reception unit 124 can be im-
plemented by the sensor optical system 44d illustrated
in FIG. 11 and the corresponding TOF sensor.

[0127] The first light emission unit 125 is a functional
unit that projects the irradiation light emitted from the cor-
responding light source to the outside in accordance with
the light emission signal received from the first light re-
ception unit 121. The first light emission unit 125 can be
implemented by the light source optical system 42aiillus-
trated in FIG. 11 and the corresponding light source.
[0128] The second light emission unit 126 is a func-
tional unit that projects the irradiation light emitted from
the corresponding light source to the outside in accord-
ance with the light emission signal received from the sec-
ond light reception unit 122. The second light emission
unit 126 can be implemented by the light source optical
system 42b illustrated in FIG. 11 and the corresponding
light source.

[0129] The third light emission unit 127 is a functional
unit that projects the irradiation light emitted from the cor-
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responding light source to the outside in accordance with
the light emission signal received from the third light re-
ception unit 123. The third light emission unit 127 can be
implemented by the light source optical system 42c illus-
trated in FIG. 11 and the corresponding light source.
[0130] The fourth light emission unit 128 is a functional
unit that projects the irradiation light emitted from the cor-
responding light source to the outside in accordance with
the light emission signal received from the fourth light
reception unit 124. The fourth light emission unit 128 can
be implemented by the light source optical system 42d
illustrated in FIG. 11 and the corresponding light source.
[0131] The imaging control unit 131 is a functional unit
that controls the operations of the first light reception unit
121, the second light reception unit 122, the third light
reception unit 123 and the fourth light reception unit 124.
[0132] Specifically, the imaging control unit 131 trans-
mits the image capture signals (operation signals) re-
spectively to the first light reception unit 121, the second
light reception unit 122, the third light reception unit 123
and the fourth light reception unit 124 while shifting the
transmission timing of the image capture signals to con-
trol the imaging operations performed by the first light
reception unit 121, the second light reception unit 122,
the third light reception unit 123 and the fourth light re-
ception unit 124 (i.e., light receiving operation, light emit-
ting operations of the first light emission unit 125, second
light emission unit 126, third light emission unit 127, and
fourth light emission unit 128) by shifting each of the im-
aging operations.

[0133] Further, the imaging control unit 131 receives
the detection information from the first light reception unit
121, the second light reception unit 122, the third light
reception unit 123, and the fourth light reception unit 124.
[0134] Theimaging control unit 131 can be implement-
ed by a control circuit corresponding to the control unit
21 illustrated in FIG. 3.

[0135] The range finding unit 132 is a functional unit
that generates a distance image by converting the time
information into a distance value for each pixel based on
the detection information that the imaging control unit
131 has received from the first light reception unit 121,
the second light reception unit 122, the third light recep-
tion unit 123, and the fourth light reception unit 124. The
range finding unit 132 can be implemented by control
circuit corresponding to the control unit 21 illustrated in
FIG. 3.

[0136] Further, thefirstlightreception unit121, the sec-
ond light reception unit 122, the third light reception unit
123, the fourth light reception unit 124, the first light emis-
sion unit 125, the second light emission unit 126, the third
light emission unit 127, the fourth light emission unit 128,
the imaging control unit 131 and the range finding unit
132 of the range finding device 1c are conceptually illus-
trated in FIG. 13, and the functional units are not limited
thereto. That is, a plurality of functional units illustrated
as separate functional units in the range finding device
1c of FIG. 13 can be implemented as one functional unit.
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On the other hand, the function of one functional unit in
the range finding device 1c of FIG. 13 can be divided into
a plurality of functions, and a plurality of functional units
can be configured.

[0137] Further,thefirstlightreception unit 121, the sec-
ond light reception unit 122, the third light reception unit
123, and the fourth light reception unit 124 output the
detection information including the information about the
time difference between the time of emitting the irradia-
tion light and the time of receiving the reflection light, but
is not limited thereto. That is, the first light reception unit
121, the second light reception unit 122, the third light
reception unit 123, and the fourth light reception unit 124
can be configured to calculate the distance based on
information of the time difference between the time of
emitting the irradiation light and the time of receiving the
reflection light, and directly output the distance informa-
tion as the detection information.

(Light Emission Timing of Light Emission Unit and Light
Reception Timing of Light Reception Unit)

[0138] FIG. 14 illustrates an example of a timing chart
of light emission timing when the light emission timings
of all of the light sources included in the range finding
device 1c are shifted.

[0139] FIG. 15 illustrates an example of a timing chart
of light emission timings when the light emission timing
of some of a plurality of light sources included in the range
finding device 1c are set to the same timing.

[0140] Hereinafter, a description is given of an opera-
tion in a case when the light emission timings of the four
light emission units (first light emission unit 125, second
lightemission unit 126, third light emission unit 127, fourth
light emission unit 128) are shifted with reference to FIG.
14.

[0141] Asillustrated in FIG. 14, as to the range finding
device 1c, for example, the light-emission timing of the
light emitted by the first light emission unit 125 (A side
light-emission timing), the light-emission timing of the
light emitted by the second light emission unit 126 (B side
emitting timing), the light-emission timing of the light emit-
ted by the third light emission unit 127 (C side light emis-
sion timing), and the light-emission timing of the light
emitted by the fourth light emission unit 128 (D side light
emission timing) are shifted so as not to overlap with
each other.

[0142] Thus, the peak of power consumption wave-
form becomes different in each of the first light emission
unit 125, the second light emission unit 126, the third light
emission unit 127 and the fourth light emission unit 128
because the first light emission unit 125, the second light
emission unit 126, the third light emission unit 127 and
the fourth light emission unit 128 independently emit the
light at the different timings, so that the peak of the power
consumption waveform can become smaller.

[0143] In this case, the battery 22 can supply sufficient
power even if the battery 22 is a mobile battery, and the
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light quantity of the irradiation light emitted from the first
light emission unit 125, the second light emission unit
126, the third light emission unit 127 and the fourth light
emission unit 128 become given sufficient levels, and the
measurable distance can be set longer.

[0144] Further, if the A side light emission timing, the
B side light emission timing, the C side emitting timing
and the D side light emission timing are shifted, the first
light reception unit 121, the second light reception unit
122, the third light reception unit 123 and the fourth light
reception unit 124 can correctly determine whether the
reflection light corresponds to which irradiation light emit-
ted from the first light emission unit 125, the second light
emission unit 126, the third light emission unit 127, or the
fourth light emission unit 128, so that the range finding
can be performed accurately, and thereby the range find-
ing precision can be enhanced.

[0145] Further, the shifting of each light emission tim-
ing is not limited to one example case illustrated in FIG.
14. For example, if at least any two light emission timing
does not overlap with each other, the shifting of each
light emission timing can be satisfied.

[0146] In an example case illustrated in FIG. 14, all of
the light emission timings are shifted, but is not limited
thereto. For example, as illustrated in FIG. 15, the light
emission timing on the A side and the light emission tim-
ing on the C side, which do not have an overlapping of
the angle of views as illustrated in FIG. 11 can be set to
the same timing, and the light emission timing on the B
side and the light emission timing on the D side, which
do not have an overlapping of the angle of views as il-
lustrated in FIG. 11 can be set to the same timing.
[0147] In this configuration, since the angle of views of
the irradiation light emitted from the different light sources
at the same timing do not overlap with each other, the
first light reception unit 121, the second light reception
unit 122, the third light reception unit 123 and the fourth
light reception unit 124 correctly determine whether the
reflection light corresponds to which irradiation light emit-
ted from the first light emission unit 125, the second light
emission unit 126, the third light emission unit 127, or the
fourth light emission unit 128, so that the range finding
can be performed accurately, and thereby the range find-
ing precision can be enhanced.

[0148] In the configuration of shifting some of the light
emission timings (see FIG. 15), although the peak of pow-
er consumption may become greater compared to the
configuration of shifting all of the light emission timings
(see FIG. 14), the time period required for the imaging
operation can be shortened.

[0149] Further, in the configuration of shifting some of
the light emission timings (see FIG. 15), the peak of pow-
er consumption can be reduced compared to the config-
uration setting all of the light emission timings atthe same
timing.

[0150] Inthe modification example 3, the configuration
using four sets of the light source and the TOF sensor is
described, but is not limited thereto. For example, if a
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configuration using five or more sets of the light source
and the TOF sensor is provided, and the light sources
having angle of views not overlapping with each other
emit the light at the same timing, the above described
effects can be obtained.

[0151] As to the above described embodiment and
modification examples, the range finding device and the
range finding method can reduce an increase in the peak
power consumption even if a plurality of light sources
used, and can improve the accuracy of range finding.
[0152] The respective functions (e.g., imaging control
unit 111, range finding unit 112) of the above-described
embodiment and the modification examples can be im-
plemented by one or more processing circuits. The
processing circuitry includes a programmed processor,
as a processor includes circuitry. A processing circuit al-
so includes devices such as an application specific inte-
grated circuit (ASIC), digital signal processor (DSP), field
programmable gate array (FPGA), system on a chip
(SOC), graphics processing unit (GPU), and convention-
al circuit components arranged to perform the recited
functions.

[0153] Further, in the above-described embodiment
and the modification examples, if atleast one of the func-
tional units of the range finding devices 1, 1a, 1b, and 1c
is implemented executing one or more programs, the pro-
grams can provided by installing the programs on the
ROM or the like in advance.

[0154] Further, in the above-described embodiment
and the modification examples, the programs executed
by the range finding devices 1, 1a, 1b, and 1c may be
recorded and provided on a computer-readable record-
ing medium, such as compact disk read only memory
(CD-ROM), flexible disk (FD), compact disk-recordable
(CD-R), and digital versatile disc (DVD).

[0155] Further, in the above-described embodiment
and the modification examples, the programs executed
by the range finding devices 1, 1a, 1b, and 1c can be
provided by storing the programs in a computer connect-
ed to a network such as the Internet, and downloading
the programs via the network.

[0156] Further, in the above-described embodiment
and the modification examples, the programs executed
by the range finding devices 1, 1a, 1b, and 1c can be
provided or distributed via a network such as the Internet.
[0157] Further, in the above-described embodiment
and the modification examples, the programs executed
by the range finding devices 1, 1a, 1b, and 1c can be
created using modules including at least any of the
above-described functional units, and in the actual hard-
ware, the CPU reads the programs from the storage de-
vice and executes the programs to load the above-de-
scribed functional units on a main storage device.
[0158] The present invention can be implemented in
any convenient form, for example using dedicated hard-
ware, or a mixture of dedicated hardware and software.
The presentinvention may be implemented as computer
software implemented by one or more networked
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processing apparatuses. The network can comprise any
conventional terrestrial or wireless communications net-
work, such as the Internet. The processing apparatuses
can compromise any suitably programmed apparatuses
such as a general purpose computer, personal digital
assistant, mobile telephone (such as a WAP or 3G-com-
pliant phone) and so on. Since the presentinvention can
be implemented as software, each and every aspect of
the present invention thus encompasses computer soft-
ware implementable on a programmable device. The
computer software can be provided to the programmable
device using any conventional carrier medium. The car-
rier medium can compromise a transient carrier medium
such as an electrical, optical, microwave, acoustic or ra-
dio frequency signal carrying the computer code. An ex-
ample of such a transient medium is a TCP/IP signal
carrying computer code over an IP network, such as the
Internet. The carrier medium can also comprise a storage
medium for storing processor readable code such as a
floppy disk, hard disk, CD ROM, magnetic tape device
or solid state memory device.

[0159] The hardware platform includes any desired
kind of hardware resources including, forexample, a cen-
tral processing unit (CPU), a random access memory
(RAM), and a hard disk drive (HDD). The CPU may be
implemented by any desired kind of any desired number
of processor. The RAM may be implemented by any de-
sired kind of volatile or non-volatile memory. The HDD
may be implemented by any desired kind of non-volatile
memory capable of storing a large amount of data. The
hardware resources may additionally include an input de-
vice, an output device, or a network device, depending
on the type of the apparatus. Alternatively, the HDD may
be provided outside the apparatus as long as the HDD
is accessible. In this example, the CPU, such as a cashe
memory of the CPU, and the RAM may function as a
physical memory or a primary memory of the apparatus,
while the HDD may function as a secondary memory of
the apparatus.

[0160] Each of the embodiments described above is
presented as an example, and it is not intended to limit
the scope of the present disclosure. Numerous additional
modifications and variations are possible in light of the
above teachings. It is therefore to be understood that,
within the scope of the appended claims, the disclosure
of this specification can be practiced otherwise than as
specifically described herein. Any one of the above-de-
scribed operations may be performed in various other
ways, for example, in an order different from the one de-
scribed above.

Claims

1. Arange finding device (1, 1a, 1b, 1c) comprising:

a plurality of light sources (11a, 11b), each con-
figured to emit irradiation light to an object;
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a plurality of light reception units (16a, 16b, 18a,
18b) configured to receive reflection light com-
ing from the object when the irradiation light hits
and reflects from the object, the number of plu-
rality of light reception units (16a, 16b, 18a, 18b)
being the same number of the plurality of light
sources (11a, 11b);

an operation control unit (111) configured to shift
light emission timing of at least one or more light
sources among the plurality of light sources
(11a, 11b); and

a measurement unit (132) configured to calcu-
late a distance to the object based on informa-
tion output from each of the plurality of light re-
ception units (16a, 16b, 18a, 18b).

The range finding device (1, 1a, 1b, 1c¢) according
to claim 1,

wherein the operation control unit (111) sets the light
emission timing of one lightsource and the light emis-
sion timing of another light source, selected from the
plurality of light sources (11a, 11b), at the same tim-

ing.

The range finding device (1, 1a, 1b, 1c¢) according
to claim 2,

wherein the operation control unit (111) sets the light
emission timing of the one light source and the light
emission timing of the another light source at the
same timing when an angle of view of the irradiation
light emitted from the one light source and an angle
of view of the irradiation light emitted from the an-
other light source do not overlap with other.

The range finding device (1, 1a, 1b, 1c) according
to any one of claims 1 to 3,

wherein the operation control unit (111) transmits an
operation signal to each of the light reception units
(16a, 16b, 18a, 18b), and each of the light reception
units (16a, 16b, 18a, 18b) outputs a light emission
signal to the corresponding light source based on
the operation signal received from the operation con-
trol unit (111).

The range finding device (1, 1a, 1b, 1c¢) according
to any one of claims 1 to 3,

wherein the operation control unit (111) transmits an
operation signal to each of the light reception units
(16a, 16b, 18a, 18b), and outputs a light emission
signal to each of the light sources (11a, 11b) based
on a timing of the operation signal.

The range finding device (1, 1a, 1b, 1c¢) according
to any one of claims 1 to 5,

wherein two or more of the plurality of light sources
(11a, 11b) emit the irradiation light in the same di-
rection.
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The range finding device (1, 1a, 1b, 1c) according
to any one of claims 1 to 6,

wherein each of the light reception units (16a, 16b,
18a, 18b) is a time of flight (TOF) sensor.

The range finding device (1, 1a, 1b, 1c) according
to any one of claims 1 to 7,

wherein each of the light reception units (16a, 16b,
18a, 18b) includes sensor elements arranged two
dimensionally, and the measurement unit (132) cal-
culates a distance image based on the information
output from each of the light reception units (16a,
16b, 18a, 18b).

A method of finding a range to an object comprising:

shifting light emission timing of at least one or
more of light sources among a plurality of light
sources (11a, 11b), each light source being con-
figured to emit irradiation light to the object;
receiving, using a plurality of light reception units
(16a, 16b, 18a, 18b), reflection light coming from
the object when the irradiation light hits and re-
flects from the object, the number of plurality of
light reception units (16a, 16b, 18a, 18b) being
the same number of the plurality of light sources
(11a, 11b); and

calculating a distance to the object based on in-
formation output from each of the plurality of light
reception units (16a, 16b, 18a, 18b).

A carrier means storing one or more instructions that,
when executed performed by one or more proces-
sors, cause the one or more processors to perform
the method of claim 9.
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